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层 MoSe2、WS2、AlN、GaN 晶格常数与单层 MoS2 具有较小的错配度，可以与






























   Recently, hydrogen production from semiconductors by photocatalytic 
technology using solar energy has attracted extensive attention in scientific and 
industrial fields. Two-dimensional molybdenum disulfide (MoS2) has a good potential 
application in photocatalysis due to the remarkable electronic, optical, mechanical and 
thermal properties. However, a co-catalyst is necessary to be incorporated with MoS2 
as photocatalyst for H2 production by photocatalytic water splitting under the visible 
light. The growth of MoS2-based van der Waals heterostructures has been developed, 
which is an effective way to enhance the photocatalytic efficiency. Therefore, 
MoS2-based van der Waals (vdW) heterostructures as photocatalysts play important 
roles in the photocatalytic materials. 
By means of first-principle calculations, we studied the crystal structures, 
electronic structures and optical properties of the MoS2-based vdW heterostructures. 
The content of this paper mainly includes:  
(1) We found several monolayer materials that could stack with monolayer MoS2. 
By the means of first-principle calculations based on the density functional theory, we 
have studied the crystal and electronic structures of the monolayers. We found that the 
lattice mismatch between monolayer MoS2 and the monolayer MoSe2、WS2、AlN  
and GaN are very small, which is good for constructing MoS2-based vdW 
heterostructures. Next, constructing four MoS2-based vdW heterostructures, we found 
that all of the heterostructures have several configurations. We studied the cohesive 
energies of the heterostructures to obtain the most stable structures. Last, we have 
shown that the most stable structures of the heterostructures are energetically 
favorable and belonged to vdW heterostructures. 
(2) We have studies the electronic structures of the vdW heterostructures by the 
means of first-principle calculations. We found that MoS2/AlN(GaN) vdW 
heterostructures are most suitable photocatalysts for H2 production by photocatalytic 
















MoS2/AlN(GaN) vdW heterostructures have been studied, we found that these vdW 
heterostructures could separately produce hydrogen and oxygen at the opposite 
surfaces, where the photoexcited electrons transfer from AlN (GaN) to MoS2 during 
the photocatalysis process. Meanwhile, these vdW heterostructures exhibit 
significantly improved photocatalytic properties under visible-light irradiation by the 
calculated optical absorption spectra. Our findings pave a new way to facilitate the 
design of photocatalyst for water splitting. 
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上提高了光催化效率。基于 MoS2 的优异性能，本论文以层状 MoS2 为主与其他
材料构成异质结，从而获得具有比单一 MoS2更好光催化性能的材料，具有非常























































   在 1972 年，Honda 等[4]报道了二氧化钛作为电极在紫外光下分解水制备了氢
气，光生电子在铂电极上还原水产生氢气，而空穴在二氧化钛电极氧化水产生氧
气。这项重要的研究发现开启了半导体光催化的时代，掀起了半导体光催化材料




g-C3N4 和 Ni(OH)2 制备成复合物，在可见光下有很高的产生氢气效率。Zhuang
等[8]研究发现二维单层的 III-VI 族化合物材料可作为光催化剂。Sa 等[9]对二维黑
磷的光学性能研究表明它也可以作为光催化剂。Zhuang 等[10]研究发现过渡金属
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